Dawn maps the surface composition of Vesta 
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Abstract 

By 7-October-201 1, the Dawn mission will have 
completed Survey orbit and commenced high altitude 
mapping of 4Vesta. We present a preliminary 
analysis of data acquired by Dawn’s Framing Camera 
(FC) and the Visual and InfraRed Spectrometer (VIR) 
to map mineralogy and surface temperature, and to 
detect and quantify surficial OH. The radiometric 
calibration of VIR and FC is described. Background 
counting data acquired by GRaND are used to 
determine elemental detection limits from 

measurements at low altitude, which will commence 
in November. Geochemical models used in the 
interpretation of the data are described. Thermal 
properties, mineral-, and geochemical-data are 
combined to provide constraints on Vesta’s 
formation and thermal evolution, the delivery of 
exogenic materials, space weathering processes, and 
the origin of the howardite, eucrite, and diogenite 
(HED) meteorites. 

1. Introduction 

In July of 2011, the Dawn spacecraft will rendezvous 
with 4Vesta, an asteroid that underwent igneous 
differentiation and is thought to be the source of the 
HED meteorites. Dawn will spend roughly a year in 
Vesta orbit studying its surface and gravity field to 
determine its geologic history and to establish its 
relationship with the HEDs. Dawn’s three payload 


instruments, FC [1], VIR [2], and GRaND [3], are 
sensitive to the composition of Vesta’s surface. The 
instruments are complementary (FC and VIR are 
sensitive to mineral composition and GRaND is 
sensitive to elemental composition). Some themes 
addressed by the measurement of surface 
composition include [1-5]: 

• Reconstruction of Vesta’s thermal evolution (did 
Vesta have a magma ocean?); 

• Geochemistry, mineralogy and chronology of 
Vesta’s surface in relation to the HED meteorites 
to other differentiated bodies (Vestoids); 

• Interpretation of processes that formed crustal 
terranes and outcrops of the mantle and deep crust, 
which may be exposed in the large south polar 
impact basin; 

• Nature of the regolith, including thermophysical 
properties, proportions of petrologic components, 
space weathering, exotic materials, and the form 
and content of H. 

Compositional data will be acquired at disparate 
spatial scales and at different phases of operations at 
Vesta. Early results are anticipated for FC and VIR. 
In Survey orbit (3000 km radial distance), FC will 
map color variations at high resolution (with nearly 
frill coverage of Vesta on scales of about 200 
m/pixel). VIR will will map spectral variations for 



visible and IR wavelengths, providing measurements 
of the abundance of pyroxene, olivine, surface 
temperature, and constraints of surficial OH, all on 
spatial scales smaller than 700 m/pixel in Survey. 
The radiometric calibration of VIR in the visible 
range is strengthened by intercalibration with FC, 
which observed Mars during Mars Gravity Assist. 
Additional data will be acquired by FC and VIR in a 
high altitude mapping orbit (HAMO) at 900 km 
orbital radius and also in a low altitude mapping orbit 
(LAMO). Before departure, FC and VIR will map 
the northern high latitudes of Vesta under favorable 
illumination conditions, providing hill coverage of 
Vesta. 

GRaND will accumulate global counting data while 
Dawn is in LAMO, for about 70 days at an orbital 
radius of about 460 km. The counting data will be 
analyzed to map elemental abundances on coarse 
spatial scales (about 300 km/pixel). GRaND will 
determine the abundance of major rock forming 
elements (such as Mg, Si, and Fe), and trace elements 
H, K and Th. The K/Th ratio provides a measure of 
volatile depletion in the material that accreted to 
form Vesta, which can be compared to other solar 
system bodies. GRaND will also map the neutron 
absorption cross section and average atomic mass, 
providing bounds on the abundance of elements not 
detected in the gamma ray spectrum. The chemical 
information provided by GRaND will be used to 
determine mixing ratios for HED end members as 
well as normative mineral abundances. 

2. Combined approach 

Data from all three instruments will be combined to 
address the aforementioned science themes [e.g., 4]. 
For example, elemental abundances measured by 
GRaND will be mapped onto coarse compositional 
units defined by FC and VIR. Whereas VIR can 
measure pyroxene and olivine, GRaND can 
additionally constrain the proportions of plagioclase 
and mafic minerals. A striking difference between 
optical and nuclear techniques is depth sensitivity. 
FC and VIR are sensitive to depths of a few 
nanometers in the visible range. In contrast, GRaND 
is sensitive to depths of several decimeters. 
Differences in surface and bulk composition could 
aid in characterizing regolith processes. Independent 
measurements of OH by VIR and H by GRaND can 
be used to constrain sources of exogenic H (solar 
wind implantation vs. delivery by carbonaceous 
meteorites). 


3. Meteoritic constraints 

The mineralogical and geochemical compositions of 
HED meteorites have been used to construct mixing 
models for the interpretation of GRaND data [3,7] 
and will serve as ground truth for spectral 
interpretation. It should be possible to constrain the 
relative amounts of near-surface (eucrite) and 
plutonic (diogenite) components in the regolith, and 
to recognize possible deep crustal or mantle materials 
containing olivine. 

4. Conclusion 

Our present understanding of Vesta is based on 
telescopic remote sensing and the analysis of the 
HED meteorites, which are thought to be 
representative of Vesta as a whole. What surprises 
might be in store when Dawn arrives at Vesta? The 
composition of materials exposed on the asteroid’s 
surface will provide new insights into the processes 
that produced the solar system’s largest differentiated 
asteroid. 
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